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Background: The aim was to assess the relationship between sleep duration and self-rated health
outcome in the elderly Taiwanese.
Methods: The data were drawn from the National Survey on Knowledge, Attitude, and Practice of Health
Promotion 2002 (HPKAP 2002) in Taiwan. Three thousand seven hundred and thirty-one elderly
participants (S 65 years of age) completed this survey, including 1955 men (52.4%) and 1776 women
(47.6%). The anonymous questionnaire collected information on demographic data, sleep duration, health
status, and health behaviors. After adjusting for various risk factors, a multiple logistic regression model
was applied to compare the participants sleeping an average of 6 to 8 hours/night with those sleeping&
5 hours and S 9 hours.
Results: A U-shaped relationship was found in elderly participants, with both short and long sleep
durations and a higher risk of poor health perception (& 5 hours/night: OR ¼ 1.13, 95% CI 0.93e1.36;S 9
hours/night: OR ¼ 1.30, 95% CI 1.01e1.75), depression (& 5 hours/night: OR ¼ 1.35, 95% CI 1.02e1.86),
chronic diseases (especially heart disease and limited activity), and unhealthy habits (S 9 hours/
night: smoking e OR ¼ 1.24, 95% CI 1.02e1.46; no exercise e OR ¼ 1.52, 95% CI 1.17e1.97).
Conclusion: A U-shaped relationship was observed between the self-reported sleep duration with risk
prevalence and health outcome in the elderly population, although not all results showed a signiﬁcant
difference. A progressively higher changewas observed during short and long sleep durations in our study.
Copyright  2011, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
The importance of sleep in maintaining good health and
quality of life is well recognized1. Mortality rates, demonstrating
a U-shaped relationship, are increased in persons who sleep either
<7 hours or >8 hours in comparison with those sleeping approx-
imately 7 to 8 hours1e3. Both short and long sleep durations have
been associatedwith increased risk of coronary heart disease (CHD)
and type 2 diabetes mellitus4,5, as well as with daytime sleepiness
andwaking up unrefreshed6. Research on sleep duration and health
in different age groups has been discussed, but it is not well known
whether similar patterns would be observed in the Asian elderly
population7.
Despite evidence of the health implications of short or long
sleep, a large number of people do not routinely get optimal hours
of sleep. The National Health Interview Survey (NHIS 2004e2006)erest.
North Road, Taipei 10449,
2.mmh.org.tw.
iwan Society of Geriatric Emergenoffered a national perspective on the association between sleep
practices and other health-related behaviors in the American adult
population8. The ﬁndings presented in that study suggest that
compared to American adults who slept 7 to 8 hours, those who
usually slept& 6 hours orS 9 hours were more likely to engage in
certain health-risk behaviors (i.e., cigarette smoking, having S 5
drinks/day, engaging in no leisure-time physical activity, and being
obese). However, the association between sleep duration and
health outcome has not been extensively studied in Asian coun-
tries, especially in elderly populations.
Our study provides a national perspective review on the asso-
ciation between sleep duration and selected health-risk behaviors
using data from the HPKAP 2002 in Taiwan9. We hypothesized that
self-rated health outcomes would be poorer in respondents who
slept& 5 hours orS 9 hours than in those who slept 6 to 8 hours,
demonstrating a U-shaped relationship. Other factors known to
inﬂuence either sleep duration or self-rated health were taken into
account, including depression, health perception, chronic diseases,
smoking, alcohol consumption, and obesity10e16. The goal was to
identify variations in the prevalence of these health-risk behaviors
in relation to the usual sleep duration. In addition, this study aimed
to identify the odds ratios (ORs) between abnormal sleep durationcy & Critical Care Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
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tion for these health-risk factors because possible associations may
be particularly noteworthy.
The associations between sleep and other behaviors are
complex, and the directions of causality cannot be determined with
the cross-sectional data used in this analysis. Additional analyses
are needed to identify the causal directions of these relationships as
well as to identify factors that may inﬂuence sleep, such as poverty
or educational attainment, and other associated factors. Despite
these limitations, identifying health-risk behaviors among elderly
Taiwanese with varying sleep durations can provide useful infor-
mation on possible clustering of behaviors that are known to be
associated with unfavorable health outcomes.
2. Methods
2.1. Participants and characterization
The study population was recruited from the participants of the
HPKAP 2002 conducted inTaiwan. The surveywas conducted by the
Bureau of Health Promotion together with the National Institutes of
Health in 20019. It aimed to interpret the information related to
a variety of preventive health behaviors of different population
groups. The national survey was a sample survey conducted in Tai-
wan and the outlying islands. The national population aged 15 years
and above was surveyed. The “three-stage systematic random
sampling” method was adopted. Sampling was ﬁrst conducted in
the selected villages and towns in each county and city; then, the
neighbor samples and four random samples were collected9,17.
The sample size of the population aged 15 years and above that
had to be surveyed was 32,656, of which 26,755 (81.9%) completed
the survey. We excluded the information from individuals aged
15e17 years and surveyed a total of 23,809 adults (12,241 men and
11,568 women) aged 18 years and above. A total of 3731 elderly
participants [age>65 years; 1955 men (52.4%) and 1776 women
(47.6%)] completed this survey. The questionnaire included items
related to personal information, health status, and health behav-
iors. Because of the large sample size and the requirement for large
number of interviewers, consistent preservice trainings had to be
conducted before the survey.
2.2. Measurements
2.2.1. Ascertainment of body mass index and obesity
The height and weight of each participant were assessed during
the home interview through self-reporting by the interviewee. The
body mass index (BMI) is the standard measure of obesity invari-
ably adopted within the literature, and is calculated as a person’s
weight in kilograms divided by the square of their height in meters
(kg/m2). We deﬁned obesity, a binary dependent variable, accord-
ing to the Taiwanese criterion of a BMI of S 27 kg/m2, and
participants were categorized as “obese” or “nonobese”)9,17,18.
2.2.2. Assessment of socio-demographic variables
The socio-demographic variables assessed in the survey included
gender and level of education. Level of education was classiﬁed as
one of the following six levels: illiterate, elementary school, junior
high school, senior high school, college, and graduate school17.
2.2.3. Assessment of sleep duration
Sleep duration refers to the hours spent sleeping at night; the
participants were classiﬁed into three groups according to sleep
duration: & 5 hours/night (short sleep duration subgroup), 6 to 8
hours/night (normal sleep duration subgroup), and S 9 hours/
night (long sleep duration subgroup)19.To avoid inaccurate self-reporting of sleep duration because of
cognitive decline, which may also be of relevance in this age group,
the interviewer clearly deﬁned “a night’s sleep” and “sleep dura-
tion” to the elderly participants. Dates were recorded on the basis of
their response and observations of family members, which can
avoid data misinterpretation and is the best method available for
collection of the most accurate data.
2.2.4. Assessment of physical and emotional condition
The physical condition of participants, which is used to assess
the relationship between obesity and disease, was ascertained by
asking the following question: “Do you have hypertension, hyper-
lipidemia, heart disease, or activity limitation?”
Perceived health was assessed by asking participants to assess
their own health in relation to others of the same age group and
rate it as “poor,” “not good,” “good,” or “excellent.” We dichoto-
mized the health perception variable between “excellent” or “good”
health versus the others17.
The Taiwanese Depression Questionnaire (TDQ) was used for
depression screening in this study, which involved participants
answering 18 questions about their mood over the previous week.
A participant was considered to be depressed if he had a score> 9
out of a total possible score of 5420.
2.3. Health-risk behaviors
Five types of behavior affecting health were examined in this
study during the home interview. The following questions were
asked: “Do you have the habits of alcohol consumption, betel nut
chewing, smoking, regular exercise (S 3 times/week), and having
regular breakfast?”
2.4. Statistical analysis
All of the analyses were performed using the SAS 9.1 software
(SAS Institute Inc., Cary, NC, USA). Descriptive analysis and multiple
logistic regressions were used to investigate the association of sleep
durationwith health outcome in the elderly population, and means
(with SD, standard deviation) and percentages (%) were calculated.
Student t test was used to analyze continuous variables, e.g., height,
weight, and depression score; the Chi-square test was used for
categorical variables.
The reduced-form demand function for health outcomes can be
written as
Y ¼ aþ ß1X1 þ ß2X2 þ ß3X3 þ e
The binary dependent factor in the measured health outcome
was abnormal sleep duration, including &5 hours/night (short
sleep duration) or S 9 hours/night (long sleep duration), and
normal sleep duration (6e8 hours/night). X is a vector of observable
characteristics: X1 represents socio-demographic variables,
including sex; X2 represents the physical-emotional condition, and
includes the perception of health, depression, and chronic diseases;
X3 represents health-risk behaviors, and includes alcohol
consumption, betel nut chewing, smoking, regular exercise, and
regular eating of breakfast. “e” represents the unobservable deter-
minants of sleep duration. p values of <0.01 and<0.05 were
considered to be statistically signiﬁcant.
3. Results
Table 1 showed the percentages of participants who reported
various sleep durations: short sleep duration (&5 hours/night),
normal sleep duration (6e8 hours/night), and long sleep durations
Table 1
Demographic characteristics among elderly participants according to their sleep-duration categories.
Sleeping duration &5 h/d, N ¼ 932 (25.0) 6e8 h/d, N ¼ 2481 (66.5) S9 h/d, N ¼ 318 (8.5) p
Variable
Mean age (y), mean (SD) 72.4 (6.1) 71.5 (5.7) 74.9 (7.0) <0.0001**
Body mass index (kg/m2)
Mean value, mean (SD) 23.7 (3.6) 23.7 (3.5) 23.7 (3.4) 0.53
Nonobesity (BMI < 27), n (%) 766 (82.2) 2094 (84.4) 266 (83.7) 0.02*
Obesity (BMIS27), n (%) 166 (17.8) 387 (15.6) 52 (16.3)
Gender
Male, n (%) 418 (44.8) 1347 (54.3) 156 (49.1) <0.0001**
Female, n (%) 514 (55.2) 1134 (45.7) 162 (50.9)
Education level
Illiterate, n (%) 356 (38.2) 811 (32.7) 132 (41.5) <0.0001**
Elementary, n (%) 391 (42.0) 1084 (43.7) 137 (43.1)
Junior high school, n (%) 104 (11.1) 256 (10.3) 21 (6.6)
Senior high school, n (%) 50 (5.4) 181 (7.3) 21 (6.6)
College, n (%) 28 (3.0) 144 (5.8) 7 (2.2)
Graduate school, n (%) 3 (0.3) 5 (0.2) 0 (0)
Health condition
Health perception
Poor or not good, n (%) 706 (75.8) 1692 (68.2) 246 (77.4) <0.0001**
Good or excellent, n (%) 226 (24.2) 789 (31.8) 72 (22.6)
Depression score
Mean value, mean (SD) 8.6 (8.8) 5.2 (6.3) 6.1 (7.2) <0.0001**
&9, n (%) 615 (66.0) 2059 (83.0) 242 (76.0) <0.0001**
>9, n (%) 317 (34.0) 422 (17.0) 76 (24.0)
Chronic disease
Hypertension
No, n (%) 556 (59.7) 1566 (63.1) 194 (61.0) 0.17
Yes, n (%) 376 (40.3) 915 (36.9) 124 (39.0)
Hyperlipidemia
No, n (%) 748 (80.3) 2017 (81.3) 256 (80.5) 0.77
Yes, n (%) 184 (19.7) 464 (18.7) 62 (19.5)
Heart disease
No, n (%) 706 (75.8) 1972 (79.5) 233 (73.0) 0.009**
Yes, n (%) 226 (24.2) 509 (20.5) 85 (27.0)
Activity limitation
No, n (%) 830 (89.1) 2287 (92.2) 254 (80.0) <0.0001**
Yes, n (%) 102 (10.9) 193 (7.8) 64 (20.0)
Habits
Drinking
No, n (%) 717 (76.9) 1933 (77.9) 250 (78.6) 0.71
Yes, n (%) 215 (23.1) 548 (22.1) 68 (21.4)
Betel nut chewing
No, n (%) 897 (96.2) 2387 (96.6) 304 (95.6) 0.72
Yes, n (%) 35 (3.8) 84 (3.4) 14 (4.4)
Smoking
No, n (%) 739 (79.3) 2077 (83.7) 230 (72.3) <0.0001**
Yes, n (%) 193 (20.7) 404 (16.3) 88 (27.7)
Exercise
No, n (%) 349 (37.4) 844 (34.0) 147 (46.2) <0.0001**
Yes, n (%) 583 (62.6) 1637 (66.0) 171 (53.8)
Eating breakfast regularly
No, n (%) 48 (5.1) 87 (3.5) 21 (6.7) 0.06
Yes, n (%) 884 (94.9) 2394 (96.5) 297 (93.3)
Statistic analysis: Analysis of variance (ANOVA) t test and Chi-square test was used, compare with different sleeping groups; * means p < 0.05, ** means p < 0.01. BMI ¼ body
mass index.
M.-T. Tsou202(S 9 hours/night). The mean age was higher in the groups with
short and long sleep duration (& 5 hours/night: 72.4 years, 6e8
hours/night: 71.5 years, S 9 hours/night: 74.9 years). The
percentage of obesity was lower in the normal sleep duration group
(15.6%), and a higher percentage of obesity was found in the short
and long sleep duration group (17.8% and 16.3%). The normal sleep
duration group mainly included males and the abnormal sleep
duration groups included females. With regard to education level,
there were more senior high school and college in the normal sleep
duration group than in the abnormal sleep duration groups, which
mainly included illiterate and elementary school. The differences in
these groups were statistically signiﬁcant.The participants who thought they were healthy and less
depressed were mainly included in the normal sleep duration
group. Participants with chronic diseases, including hypertension
and hyperlipidemia, were included in the abnormal sleep duration
groups. The difference between these two groups was not statis-
tically signiﬁcant. There were more patients with heart diseases
and limited physical activity in the abnormal sleep duration group
than in the normal group, and the difference was statistically
signiﬁcant. Considering the personal habits, the percentages of
participants who consumed alcohol, chewed betel nut, and ate
regular breakfast did not differ signiﬁcantly according to sleep
duration. Smoking was common in the long sleep duration group
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duration group (46.2%), and the differences between these groups
were statistically signiﬁcant. However, the percentages of partici-
pants with unhealthy habits in the short and long sleep duration
groups were higher than those in the normal sleep duration group,
indicating a U-shaped relationship (Fig. 1).
The 6 to 8 hours normal sleep duration group was considered as
the control group, and multiple logistic regression analysis was
applied to the data obtained from the short sleep, long sleep, and
the normal sleep duration groups as shown in Table 2. In the
normal sleep duration group, males had higher risk for long sleep
duration (S 9 hours/night: OR ¼ 1.06, 95% CI 1.01e1.15) and
females had high risk for short sleep duration (& 5 hours/night:
OR¼ 1.28, 95% CI 1.01e1.20). In our study, the elderly who slept too
short or too long were at a high risk of obesity, and the difference
was statistically signiﬁcant (& 5 hours/night: OR ¼ 1.09; 95% CI
1.01e1.20; S 9 hours/night: OR ¼ 1.02; 95% CI 1.01-1.75). Analysis
of other health factors revealed that short sleep and long sleep
duration groups showed a U-shaped distribution and had poor self-
rated health status and depression. Participants with chronic
diseases showed a U-shaped distribution; there were no signiﬁcant
differences in participants with hypertension and hyperlipidemia.
Further, the incidences of heart diseases and limited physical
activity were more common in the long sleep duration group as
compared to the normal sleep duration group (S 9 hours/night:
heart disease: OR ¼ 1.52; 95% CI 1.01e2.12; limited activity:
OR ¼ 2.48; 95% CI 1.73e3.56).
With regard to personal habits, the percentage of participants
who consumed alcohol was relatively low in the short sleep
duration group as compared to those in the normal sleep duration
group (& 5 hours/night: OR ¼ 0.8; 95% CI 0.66e0.98); participants
in the long sleep duration group who smoked or did not exercise
were at a higher risk than the normal sleep control group (S 9
hours/night: smoking e OR ¼ 1.24; 95% CI 1.02e1.46; no exercise e
OR ¼ 1.52; 95% CI 1.17e1.97) (Fig. 2).
4. Discussion
Adequate daily sleep is an important part of a healthy and
productive lifestyle. Alternation of sleep duration is a common
problem in modern society21,22. Individuals who reported both anFig. 1. The percentages of unhealthy behaviors of participants who reported various sleep
abnormal sleep duration (&5 hours/night and S9 hours/night) increased. In obesity, the pincreased or reduced sleep duration are at a modestly increased
risk of all-cause mortality, cardiovascular disease, and developing
symptomatic diabetes mellitus4,23,24. One study examined the
association between sleep duration and CHD mortality among
Chinese adults in Singapore during 1993e2006, and found that in
comparisonwith a sleep duration of 7 hours, sleep durations of& 5
hours and S 9 hours were modestly associated with CHD
mortality25. The results from this study suggest a U-shaped rela-
tionship between sleep duration and mortality. A variety of
epidemiologic studies have suggested an association between self-
reported sleep duration and health outcome4,23e25, but there are
limited data from nonWestern populations on this topic.
In large epidemiologic studies, both long and short sleep dura-
tion in healthy participants resulted in adverse physiologic
changes25e30. Short-term sleep restriction has many adverse
endocrine and cardiovascular effects. Kato et al and Tochikubo et al
reported that participants who were completely deprived of sleep
or had acute partial sleep deprivation had a signiﬁcantly increased
blood pressure31,32. The published data from the Nurses’ Health
Study (NHS) cohort shed more light on the relationship between
sleep restriction and CHD development24. A possible explanation
for the ﬁndings is that leptinda hormone that suppresses
appetitedis decreased in participants who undergo short-term
sleep deprivation33. Therefore, if sleep-deprived persons have
increased appetite, they may tend to gain weight, which would in
turn contribute to the development of diabetes mellitus.
Long sleepers representing individuals who report> 8 hours of
sleep/night are also at risk of adverse health effects. Qureshi et al
reported that people with> 8 hours of sleep had a 50% higher
incidence of stroke than people sleeping 6 to 8 hours/night34. The
study also attempted to associate coronary disease with long sleep
duration; but the association was not signiﬁcant (OR ¼ 1.4; 95% CI
0.9e2.2). Qureshi et al were able to demonstrate that all-cause
mortality was increased in long sleepers (OR ¼ 1.3; 95% CI
1.1e1.5). Also, Kripke et al showed that participants who
reported> 8.5 hours of sleep/night had an increased mortality risk.
Data from the NHS also support a relationship between long sleep
duration and development of diabetes mellitus and coronary
disease1. The mechanisms underlying the observed association
between long sleep duration and mortality may include the rela-
tion of long sleep duration to depression, low thyroid function, anddurations. In the no exercise and smoking behavior, the percentages who reported
ercentages who reported abnormal sleep durations had an increasing trend.
Table 2
Factors associated with the odds ratios among elderly participants in different sleeping duration.
Variable &5 h/d, N ¼ 932 S9 h/d, N ¼ 318
OR 95% CI p OR 95% CI p
Gender
Male 1.18 0.97e1.43 0.10 1.06 1.01e1.15 0.03*
Female 1.28 1.01e1.65 0.01* 0.86 0.41e1.33 0.11
Obesity 1.09 1.01e1.20 0.04* 1.02 1.00e1.07 0.02*
Health condition
Health perception
Poor or not good 1.13 0.93e1.36 0.22 1.30 1.01e1.75 0.01**
Depression score
>9 1.35 1.02e1.86 <0.0001** 1.05 0.98e1.12 0.58
Chronic disease
Hypertension 1.05 0.97e1.13 0.56 1.15 0.67e1.62 0.31
Hyperlipidemia 1.04 0.85e1.27 0.73 1.23 0.59e1.86 0.20
Heart disease 1.08 0.81e1.39 0.85 1.52 1.01e2.12 0.014*
Activity limited 1.02 0.70e1.34 0.58 2.48 1.73e3.56 <0.0001**
Habits
Drinking 0.80 0.66e0.98 0.03* 1.04 0.76e1.43 0.79
Betel nut chewing 0.99 0.64e1.53 0.97 1.02 0.55e1.86 0.96
Smoking 1.16 0.92e1.45 0.22 1.24 1.02e1.46 0.04*
No exercise 0.99 0.84e1.19 0.99 1.52 1.17e1.97 0.002**
Eating breakfast regularly 1.25 0.90e1.74 0.19 0.58 0.30e1.11 0.10
Compare with 6e8 hours group, * means p < 0.05, ** means p < 0.01. Odds ratios from multiple logistic regression models adjusting for all variables presented in the table.
CI ¼ conﬁdence interval; OR ¼ odds ratio.
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morbidity andmortality35,36. However, the underlyingmechanisms
for this association are still unclear. One possible explanation is that
an unrecognized confounder could lead to poor health and an
increased need for sleep.
Studies of the behavioral correlates of sleep in clinical and
special populations have focused on the associations between sleep
practices and other health-risk behaviors, including smoking,
alcohol consumption, exercise, and obesity37e42. The ﬁndings from
the NHIS 2004e2006 presented that compared to American adults
who slept 7 to 8 hours, those who usually slept<6 hours/night and
S 9 hours were at increased risk of engaging in these unhealthy
behaviors8,43.Fig. 2. Association between odds ratio of being obese and different emotion-physical
conditions comparing long (S9 hours/night) or short (&5 hours/night) sleep dura-
tion with normal sleep duration (6e8 hours/night). Analyses are adjusted for age,
education level, marital status, and health behavior. A U-shaped relationship was
observed, the elderly who with sleep duration of 6 to 8 hours/night had the lowest risk.
OR ¼ odds ratio. * means p < 0.05, ** means p < 0.01.However, relatively few epidemiologic studies have examined
the association between sleep duration and health-risk behaviors
in Asian populations that may have lifestyles different from that of
traditional Western populations. Most of the studies on health
behavior are conducted by surveying adults (ageS 18 years). In this
study, we offered a national perspective on the association between
sleep practices and other health outcome behaviors in the Taiwa-
nese elderly population. We found that approximately 66.5% of the
elderly had normal sleep (6e8 hours), 25% had a short sleep
duration (& 5 hours), and 8.5% had a long sleep duration (S 9
hours). The incidence of short sleep duration was much higher in
the elderly than in the adults (8% on average).
These ﬁndings suggest that compared to the Taiwanese elderly
who slept 6 to 8 hours, the individuals who usually sleptS 9 hours
were more likely to exhibit certain health-risk behaviors (i.e.,
cigarette smoking, lack of exercise, chronic diseases, unhealthy
perception, and developing obesity). Inmany cases, the elderly who
usually slept& 5 hours were also at an increased risk of exhibiting
these unhealthy behaviors, but the difference was not signiﬁcant
when compared to that of the other groups. However, this
subgroup had a higher incidence of depression. The results of this
study suggested a U-shaped relationship between sleep duration
and health outcome behaviors in the Taiwanese elderly population.
These results are similar to those of other studies on adults8. The
main difference in theﬁndings is that the incidence and risk of health
behaviors is higher among the adults in short sleep duration group,
whereas the incidence and risk of health behaviors is higher among
the elderly in the long sleep duration group. Although the incidence
of short sleep in the elderly is higher than that in the adults, but the
risk of health outcome behaviors are higher in the long sleep group.
Therefore, it may be inferred that changes in the sleep cycle resulted
in decreased sleep duration in the elderly, but the impact on health-
risk behaviors or chronic diseases is not as good as those in the long
sleep group. The onlyexception is that the risk of depression is higher
in the elderly in the short sleep group. This ﬁnding is consistent with
that of other studies in the literature, which have reported a signiﬁ-
cant relationship between abnormal sleep and physical and mental
conditions, including depression and hypertension44.
Sleep Duration and Health Outcome 205The associations between sleep and other behaviors are
complex, and the directions of causality cannot be determined with
the cross-sectional data used in this analysis. Additional analyses
are needed to identify the causal directions of these relationships,
as well as other inﬂuential factors, such as: (1) poverty or family
condition; (2) sleep quality (which was not really reﬂected by the
information garnered using the questionnaire); (3) medicine or
other aids that were used to assist sleep; and (4) loss of sleep
because of snoring or frequent urination. Further, the use of
medication for chronic diseases may affect sleep and its associated
factors; however, such medications could not be further investi-
gated in this study due to the lack of detailed information. Despite
these limitations, the ﬁndings presented here provide important
information about the potential relevance of discussing health-risk
behaviors, such as smoking, alcohol consumption, physical inac-
tivity, and obesity with patients who seek medical advice for sleep
problems.References
1. Kripke DF, Garﬁnkel L, Wingard DL, et al. Mortality associated with sleep
duration and insomnia. Arch Gen Psychiatry. 2002;59:131e136.
2. Patel SR, Ayas NT, Malhotra MR, et al. A prospective study of sleep duration and
mortality risk in women. Sleep. 2004;27:440e444.
3. Tamakoshi A, Ohno Y. Self-reported sleep duration as a predictor of all-cause
mortality: results from the JACC study, Japan. Sleep. 2004;27:51e54.
4. Ayas NT, White DP, Manson JE, et al. A prospective study of sleep duration and
coronary heart disease in women. Arch Intern Med. 2003;163:205e209.
5. Yaggi HK, Araujo AB, McKinlay JB. Sleep duration as a risk factor for the
development of type 2 diabetes. Diabetes Care. 2006;29:657e661.
6. Grandner MA, Kripke DF. Self-reported sleep complaints with long and short
sleep: a nationally representative sample. Psychosom Med. 2004;66:239e241.
7. Gangwisch JE, Heymsﬁeld SB, Boden-Albala B, et al. Short sleep duration as
a risk factor for hypertension: analyses of the ﬁrst National Health and
Nutrition Examination Survey. Hypertension. 2006;47:833e839.
8. Charlotte AS, Patricia FA. Sleep duration as a correlate of smoking, alcohol use,
leisure-time physical inactivity, and obesity among adults: United States,
2004e2006. NCHC. [accessed 5.10]. Available from: http://www.cdc.gov/nchs/
data/hestat/sleep04-06/sleep04-06.pdf.
9. National Institutes of Health (NIH): Knowledge, Attitude, and Practice of Health
Promotion 2002. [accessed 3.10]. Available from: http://www.bhp.doh.gov.tw/
BHPNET/Portal/Them.aspx?No¼200712270001.
10. Bixler EO, Vgontzas AN, Lin HM, et al. Excessive daytime sleepiness in a general
population sample: the role of sleep apnea, age, obesity, diabetes, and
depression. J Clin Endocrinol Metab. 2005;90:4510e4515.
11. Hale L. Who has time to sleep? J Public Health. 2005;27:205e211.
12. Ohayon MM, Vecchierini MF. Normative sleep data, cognitive function and
daily living activities in older adults in the community. Sleep. 2005;28:
981e989.
13. Strine TW, Okoro CA, Chapman DP, et al. Health-related quality of life and
health risk behaviors among smokers. Am J Prev Med. 2005;28:182e187.
14. Singh-Manoux A, Martikainen P, Ferrie J, et al. What does self rated health
measure? Results from the British Whitehall II and French Gazel cohort studies.
J Epidemiol Community Health. 2006;60:364e372.
15. Gangwisch JE, Malaspina D, Boden-Albala B, et al. Inadequate sleep as a risk
factor for obesity: analyses of the NHANES I. Sleep. 2005;28:1289e1296.
16. Steptoe A, Peacey V, Wardle J. Sleep duration and health in young adults. Arch
Intern Med. 2006;166:1689e1692.
17. Bureau of Health Promotion, Department of Health, ROC (Taiwan): Introduc-
tion of Knowledge, Attitude, and Practice of Health Promotion 2002. pdf.
[Accessed 05.10]. Available from: http://www.bhp.doh.gov.tw/BHPNET/Portal/
ﬁle/ThemeDocFile/200712271127048338/.18. Hwang LC, Chen SC, Tjung JJ, et al. Body mass index as a predictor of mortality
in older people in Taiwan. IJG. 2009;3:39e46.
19. Vioque J, Torres A, Quiles J. Time spent watching television, sleep duration and
obesity in adults living in Valencia, Spain. Int J Obes Relat Metab Disord.
2000;24:1683e1688.
20. Taiwanese Depression Questionnaire (TDQ) from The John Tung Foundation
(JTF). [acessed 3.10]. Available from: http://www.jtf.org.tw/psyche/melancholia/
overblue.asp.
21. National Sleep Foundation. 2005 Sleep in America Poll. Washington, DC:
National Sleep Foundation [accessed Jun 25.06.2007]. Available from: www.
sleepfoundation.org/site/c.huIXKjM0IxF/b.2419039/k.14E4/2005_Sleep_in_
America_Poll.htm; 2005.
22. Bonnet MH, Arand DL. We are chronically sleep deprived. Sleep. 1995;18:
908e911.
23. Alvarez GG, Ayas NT. The impact of daily sleep duration on health: a review of
the literature. Prog Cardiovasc Nurs. 2004;19:56e59.
24. Ayas NT, White DP, Al-Delaimy WK, et al. A prospective study of self-reported
sleep duration and incident type 2 diabetes in women. Diabetes Care.
2003;26:380e384.
25. Shankar A, Koh WP, Yuan JM, et al. Sleep duration and coronary heart disease
mortality among Chinese adults in Singapore: a population-based cohort study.
Am J Epidemiol. 2008;168:1367e1373.
26. Spiegel K, Leproult R, Van Cauter E. Impact of sleep debt on metabolic and
endocrine function. Lancet. 1999;354:1435e1439.
27. Spiegel K, Knutson K, Leproult R, et al. Sleep loss: a novel risk factor for insulin
resistance and Type 2 diabetes. J Appl Physiol. 2005;99:2008e2019.
28. Meier-Ewert HK, Ridker PM, Rifai N, et al. Effect of sleep loss on C-reactive
protein, an inﬂammatory marker of cardiovascular risk. J Am Coll Cardiol.
2004;43:678e683.
29. Williams CJ, Hu FB, Patel SR, et al. Sleep duration and snoring in relation to
biomarkers of cardiovascular disease risk among women with type 2 diabetes.
Diabetes Care. 2007;30:1233e1240.
30. Spiegel K, Leproult R, L’Hermite-Balériaux M, et al. Leptin levels are dependent
on sleep duration: relationships with sympathovagal balance, carbohydrate
regulation, cortisol, and thyrotropin. J Clin Endocrinol Metab. 2004;89:
5762e5777.
31. Kato M, Phillips BG, Sigurdsson G, et al. Effects of sleep deprivation on neural
circulatory control. Hypertension. 2000;35:1173e1175.
32. Tochibuko O, Ikeda A, Miyajima E, et al. Effects of insufﬁcient sleep on blood
pressure monitored by a new multibiomedical recorder. Hypertension.
1996;27:1318e1324.
33. Spiegel K, Leproult R, Copinschi G, et al. Impact of sleep length on the 24-h
leptin proﬁle. Sleep. 2001;24. A74.
34. Qureshi AI, Giles WH, Croft JB, et al. Habitual sleep pattern and risk of stroke
and coronary heart disease. Neurology. 1997;48:904e911.
35. Patel SR, Malhotra A, Gottlieb DJ, et al. Correlates of long sleep duration. Sleep.
2006;29:881e889.
36. Hak AE, Pols HA, Visser TJ, et al. Subclinical hypothyroidism is an independent
risk factor for atherosclerosis and myocardial infarction in elderly women: the
Rotterdam Study. Ann Intern Med. 2000;132:270e278.
37. Zhang L, Samet J, Caffo B, et al. Cigarette smoking and nocturnal sleep archi-
tecture. Am J Epidemiol. 2006;164:529e537.
38. Phillips BA, Danner FJ. Cigarette smoking and sleep disturbance. Arch Internal
Med. 1995;155:734e737.
39. National Institute on Alcohol Abuse and Alcoholism. Alcohol and sleep. Alcohol
alert. No 41. Rockville, MD: National Institutes of Health; 1998.
40. Driver HS, Taylor SR. Exercise and sleep. Sleep Med Rev. 2000;4:387e402.
41. Hasler G, Buysse DJ, Klaghofer R, et al. The association between short sleep
duration and obesity in young adults: a 13-year prospective study. Sleep.
2004;27:661e666.
42. Patel SR, White DP, Gottlieb DJ, et al. Association between reduced sleep and
weight gain in women. Am J Epidemiol. 2006;164:947e954.
43. Schoenborn CA, Cohen BH. Trends in smoking, alcohol consumption, and other
health practices among U.S. adults, 1977 and 1983. Advance Data from Vital and
Health Statistics no 118. Hyattsville, MD: National Center for Health Statistics;
1986.
44. Gangwisch JE, Malaspina D, Posner K, et al. Insomnia and sleep duration as
mediators of the relationship between depression and hypertension incidence.
Am J Hypertens. 2010;23:62e69.
